Background: Despite evidence-based national guidelines for optimal treatment of heart failure (HF), the quality of care remains inadequate. We sought to evaluate the effect of a national hospital-based initiative on quality of care in patients hospitalized with HF.
T HE BURDEN OF HEART FAILure (HF) has grown into a major public health problem, with increasingly higher rates of mortality and hospitalization. More than 5 million individuals in the United States have HF, and HF is the primary or secondary cause for almost 3.6 million hospitalizations each year. 1, 2 Measuring quality is an important aspect of tracking and improving medical care. [3] [4] [5] [6] Accordingly, the Joint Commission on Accreditation of Healthcare Organizations (JCAHO) and the American College of Cardiology and American Heart Association (ACC/AHA) have constructed sets of performance measures that serve as quantifiable, evidence-based quality indicators. 4, 6 These are processes of care for which the evidence of benefit is so strong that failure to adhere to them reduces the likelihood of optimal patient outcomes. 4, 5 Current JCAHO performance measures for adults hospitalized with HF include complete discharge instructions, left ventricular function assessment, use of an angiotensin-converting enzyme inhibitor (ACEI) or an angiotensin receptor blocker (ARB) in patients with left ventricular systolic dysfunction, and smoking cessation counseling. 6 Although ␤-blocker use at hospital discharge in stable pa-tients is recommended in the ACC/AHA guidelines, 2 it is not a JCAHO or ACC/AHA inpatient HF performance measure. Several state and national initiatives have been undertaken to improve the quality of care for patients with cardiovascular disease. These programs use a variety of mechanisms, including national tracking and reporting of quality indicators obtained through Medicare claims and random reviews of patient medical records, 7 providing feedback to practitioners of quality indicator adherence through local peer-review organizations, 8 requiring accredited hospitals to submit performance measure data, 5 and providing performance-improvement tools designed to enhance adherence to national treatment guidelines and performance measures such as admission and discharge order sets that incorporate evidence-based processes of care. 9 The Organized Program to Initiate Lifesaving Treatment in Hospitalized Patients With Heart Failure (OPTIMIZE-HF) is the largest national hospital-based initiative to improve quality of HF care undertaken to date and the only program designed to capture 60-to 90-day postdischarge outcomes in a prespecified cohort of patients. Building on features of previous programs, the aim of OPTIMIZE-HF was to increase adherence to evidencebased guideline recommendations and performance measures for hospitalized patients with HF specifically through a Web-based patient registry that facilitated feedback on performance data, providing specific process-of-care improvement (PrCI) tools and promoting in-hospital initiation of recommended therapies.
METHODS

STUDY DESIGN
OPTIMIZE-HF was designed to evaluate and enhance the quality of care given to patients hospitalized with HF. Details of the study design have been described previously. 10, 11 The overall program comprised 2 major components: a comprehensive Webbased registry and a process-of-care intervention arm.
PATIENT POPULATION
From March 1, 2003, through December 31, 2004, eligible adult patients hospitalized with HF at 259 participating hospital centers in the United States were enrolled in the OPTIMIZE-HF prospective registry. Hospital teams used case-ascertainment methods identical to those of the JCAHO. Patients qualified for enrollment if they were hospitalized for episodes of new or worsening HF as the primary cause of admission or if significant HF symptoms developed during hospitalization for another primary diagnosis, with HF being the primary discharge diagnosis. Patients were enrolled irrespective of their ventricular function, including systolic dysfunction documented by a left ventricular ejection fraction (LVEF) of less than 40%, HF symptoms in the setting of preserved left ventricular systolic function (diastolic dysfunction HF), or HF without left ventricular function measurement. 10 Data were collected on pertinent patient characteristics at admission and discharge, as well as on adherence to OPTIMIZE-HF performance and quality measures. Admission staff, medical staff, or both recorded race/ethnicity, usually as the patient was registered. Previous studies of patients hospitalized with HF have suggested differences in characteristics and outcomes based on race/ethnicity. The performance measures consisted of the 4 JCAHO HF core measures. The following additional quality measures were also assessed: use of an ACEI or an ARB, use of any ␤-blocker at hospital discharge (which is not a JCAHO or ACC/AHA inpatient HF performance measure), evidence-based use of a ␤-blocker (ie, bisoprolol fumarate, carvedilol, or metoprolol succinate), aldosterone antagonist use, statin use in appropriate patients, and anticoagulation for atrial fibrillation ( Table 1) . Eligibility to receive ACEIs, ARBs, aldosterone antagonists, and ␤-blockers was defined by HF due to left ventricular systolic dysfunction, indicated by an LVEF of less than 40% or by a qualitative report in the absence of documented contraindications or intolerance to the therapeutic agent. 10 Eligibility for statin therapy was defined as known coronary artery disease, peripheral vascular disease, cerebrovascular disease, and/or diabetes mellitus. All measures were applied to eligible patients who had no documented contraindications or intolerance. Data were reported on a confidential Web-based information system that allowed participating hospitals to review their performance data in real time, benchmarked to aggregate data from similar national and regional hospitals. The registry coordinating center was Outcome Sciences, Inc, Cambridge, Massachusetts.
A prespecified patient subgroup (10.0%) was followed up for 60 to 90 days after discharge for the collection of outcomes data. 10 Sites had the option of participating in the follow-up data collection, and the protocol was approved by each participating center's institutional review board or through use of a central institutional review board. Written informed consent was obtained before enrollment from patients who participated in the follow-up data collection.
The OPTIMIZE-HF PrCI program focused on helping hospitals improve institutional systems for treating HF has been previously described. 10 The program relied on a hospital tool kit, benchmarked quality-of-care reports, and structured educational/collaborative opportunities. As part of an enhanced treatment and discharge plan, OPTIMIZE-HF provided evidencebased best-practices algorithms, critical pathways, standardized orders, discharge checklists, pocket cards, medical chart stickers, and a variety of other elements to assist hospitals in improving HF management (OPTIMIZE-HF tools can be found at http://www.optimize-hf.org). The tools were designed by the OPTIMIZE-HF steering committee to be consistent with national guidelines and the most current scientific evidence. Use of the PrCI tools was encouraged but not mandatory; hospitals could adopt or modify tools at their choosing. A Webbased management tool provided hospitals real-time qualityof-care reports and benchmark comparisons of institutions regionally and nationally. The investigators and study coordinators attended a 1-day workshop at study initiation detailing quality improvement processes, use of collected data to provide feedback, and the OPTIMIZE-HF tool kit. Hospital teams were encouraged to participate in quarterly educational and collaborative Web-based seminars.
STUDY ANALYSES
The planned primary analyses of OPTIMIZE-HF were the change in the percentage of eligible patients with HF who received an ACEI or an ARB and ␤-blockers on discharge, the change in the rates of adherence to JCAHO core HF performance measures reported, and the change in additional quality measures during the 2-year study period. Secondary analyses included in-hospital outcomes (mortality and length of stay) for the entire study population, postdischarge mortality and rehospitalization rates for the 60-to 90-day follow-up subset, and the influence of PrCI tools on guideline-recommended therapies, performance measures, and short-term outcomes.
10
ANALYSIS COHORT AND STATISTICAL ANALYSIS
Data were extracted directly from the registry as entered by the participating hospitals and analyzed across the entire database at the end of the registry period. 10 All statistical analyses were performed independently at the Duke Clinical Research Institute. SAS statistical software (version 8.2; SAS Institute Inc, Cary, North Carolina) was used for all statistical analyses.
The data were reported as the number and frequency of eligible patients treated at the time of hospital discharge and as the percentages of eligible patients treated over time. Patients with a documented medication contraindication or intolerance were excluded from therapy analyses. Use of the PrCI tools was defined by a preprinted order set or a discharge checklist documented in the medical record. Patient characteristics and evidence-based treatments were compared using the Pearson 2 test for categorical variables and the Wilcoxon rank sum test for continuous variables. The Cochran-Armitage test was used to evaluate changes over time, with PϽ.05 indicating significance. Multivariable models of in-hospital death, length of hospital stay, postdischarge mortality, and combined postdischarge death and rehospitalization were developed to be used for consistent covariate adjustment across all studies. The types of models were logistic for in-hospital mortality, general linear modeling for length of stay, Cox proportional hazards for postdischarge mortality, and logistic for postdischarge mortality and rehospitalization (date of rehospitalization was not available for survival modeling). The model-development process was similar for all 4 outcomes and used stepwise and backward variable selection methods. The linearity assumption for continuous measures was evaluated using restricted cubic spline transformations. When needed, appropriate transformations such as piecewise linear splines were applied. A P value of .05 was used both for entry and to remain in the model. The potential covariates were preselected with 45 for in-hospital mortality, 39 for length of stay, 19 for postdischarge mortality, and 70 for postdischarge mortality and rehospitalization (available at http://www.optimize-hf.org). Generalized estimating equations were used to account for the correlation of data within the same hospital in the adjusted models. There was greater than 99% power to detect a 25% change in in-hospital and postdischarge clinical outcomes over time. To compare the effect of admission order set use on in-hospital mortality with no admission order set use, there was 80% power to detect a treatment difference of 25% or greater. There was 66% power to detect a treatment difference of 25% or greater regarding use of an order set or discharge checklist on the combined outcome of 60-to 90-day mortality and rehospitalization.
RESULTS
CLINICAL CHARACTERISTICS OF PATIENTS HOSPITALIZED FOR HF
OPTIMIZE-HF enrolled a total of 48 612 patients hospitalized for HF at 259 academic and community hospitals of varying size from all regions of the United States ( Table 2 ). The mean patient age was 73.1 years; 51.6% of the patients were female and 74.1% were white ( Table 3) . Heart failure etiology was ischemic in 45.7% of enrolled patients and the mean LVEF was 39.0%. Of those undergoing assessment, 48.8% had documented left ventricular systolic dysfunction and 51.2% had HF with preserved systolic function. The follow-up cohort included 5791 patients, whose characteristics were similar to those of the overall registry (Table 3) . Adherence to recommended HF therapies increased as follows: for an ACEI, from 50.0% of eligible patients (7272 of 14 528) before admission to 75.3% of eligible patients (10 940 of 14 528) at discharge, a net change of 25.3% (PϽ .001); for an ACEI or an ARB, from 57.9% (8386 of 14 493) before admission to 82.6% (11 976 of 14 493) at discharge (P Ͻ.001), a net increase of 24.7%; Figure 1 and Figure 2 show the change in each of the 4 JCAHO performance measures and the change in quality measures during the 8 calendar quarters of OPTIMIZE-HF. The issuance of complete discharge instructions (from 46.8%-66.5%) and smokingcessation counseling (from 48.2%-75.6%) increased significantly over time (PϽ.001 for both). Left ventricular function assessment started at a high rate and increased slightly but significantly (P Ͻ .001). Use of an ACEI at discharge remained unchanged during the entire study period (P=. 18 ). An examination of time trends in additional OPTIMIZE-HF quality measures during the study period showed that the use of those ␤-blockers specifically proved to improve survival in randomized clinical trials (bisoprolol, carvedilol, and metoprolol) increased from 56.0% in the first quarter of 2003 to 68.3% in the last quarter of 2004 (P Ͻ .001). Aldosterone antagonists were used in 18.0% of patients, and use increased significantly over time; statins were given to 39.2% of patients, with use increasing over time; and anticoagulation therapy was prescribed for atrial fibrillation in 51.0% of eligible patients, with improved use over time.
SECONDARY ANALYSES
There were 1834 in-hospital deaths reported in the OPTIMIZE-HF registry of 48 612 enrolled patients (3.8%). The median length of stay was 4.0 days (25th-75th interquartile range, 3.0-7.0 days) and mean length of stay was 6.4 days (SD, 85.2 days). Mean length of stay improved significantly during the registry, from 7.5 to 6.2 days (PϽ .001). After multivariable risk adjustment and taking into account hospital clustering, this remained significant (PϽ.001). During the program, in-hospital mortality rates improved slightly, from 3.5% to 3.4%, but the difference did not reach statistical significance (P=.06).
After risk adjustment and taking into account hospital clustering, a similar trend was still seen (P=.07).
During the 60-to 90-day period after hospital discharge, the follow-up cohort experienced 481 deaths (8.6% of the 5610 patients available at follow-up), occurring a median of 42.0 days (25th-75th interquartile range, 24.0-66.0 days) after discharge. Rehospitalization within the fol- low-up period occurred in 1715 patients (29.6%). The combined end point of mortality and rehospitalization was met in 36.2% of patients. During the program, unadjusted postdischarge mortality showed a trend toward improvement, from 9.9% to 6.3%, but the change did not reach statistical significance (P=.09). The combination postdischarge mortality and rehospitalization also showed a trend toward improvement, from 38.0% to 30.2% (P=.18). When adjusted outcomes also accounting for hospital clustering were examined by calendar time in the OPTIMIZE-HF registry, postdischarge death trended toward improvement, but the change was not significant (P=.74), and the change in postdischarge death and rehospitalization also did not reach significance (P=.78). Use of PrCI tools was reported during hospitalization in 45.3% (22 017 of 48 612) of patients (23.0% admission order sets and 36.0% discharge checklists) and progressed steadily over the OPTIMIZE-HF registry duration, from 35.6% in the first quarter of 2003 to 54.1% in the last quarter of 2004 (P Ͻ .001). Use of recommended HF treatment was associated with the use of PrCI tools (Figure 3) . Use of PrCI tools was associated with substantial improvements in clinical outcomes. Inhospital mortality was 2.5% in those with admission order set use vs 4.1% in those without (PϽ.001). Even after adjustment for other predictive variables and the propensity score and after taking hospital clustering into account, risk-adjusted in-hospital mortality was significantly lower in patients with use of an OPTIMIZE-HF admission order set than in those without (odds ratio, 0.71 [95% confidence interval, 0.53-0.95]; P=.02). Postdischarge 60-to 90-day death and rehospitalization rates were lower with than without the use of PrCI tools (34.8% vs Table 1 .
38.2%; P=.02).
The risk-and propensity-score-adjusted postdischarge mortality or rehospitalization rates were favorably influenced but did not reach significance (odds ratio, 0.93 [95% confidence interval, 0.81-1.06]; P=.27).
COMMENT
A well-documented treatment gap exists for many patients with HF: despite compelling scientific evidence and readily accessible national guidelines, life-prolonging agents remain underused. By virtue of its design, combining a comprehensive patient registry with a performance-improvement program and capturing postdischarge patient outcomes, OPTIMIZE-HF has contributed to the current understanding of patients hospitalized with HF and has provided a new model of care for clinical management of HF in the hospital setting. OPTIMIZE-HF has shown that evidence-based, guideline-recommended HF therapies can be initiated in most real-world patients hospitalized with HF and that significant improvements in care can be achieved over time.
Angiotensin-converting enzyme inhibitors and ␤-blockers have been shown to significantly improve survival in patients with systolic HF. [12] [13] [14] [15] [16] Furthermore, inhospital initiation of these and other evidence-based cardiovascular medication therapies has been demonstrated to increase their continued long-term use after hospital discharge, thereby improving clinical outcomes. [17] [18] [19] [20] Nevertheless, many patients hospitalized for HF are not discharged receiving these guideline-recommended, lifeprolonging agents, and they are not receiving other ACC/ AHA guideline or JCAHO-recommended measures for promoting optimal outcomes. 4, 5, 21 Several hospitalbased, quality-of-care improvement initiatives have been reported involving the treatment of patients with cardiovascular disease. 8, 9, 17, 19 The JCAHO performed an uncontrolled quality-ofcare improvement project that examined the change in recognized performance measures over time for several diseases, including HF. 5 A total of 1864 accredited hospitals were required to submit data relating to their performance on the JCAHO core HF measures during a 2-year period (2002) (2003) (2004) . Participating hospitals received comparative feedback data on a quarterly basis; otherwise, no specific behavior-modification techniques or performance-enhancement incentives were used. During the 2-year study, all 4 core HF performance measures improved significantly. Discharge instructions increased from 29% to 55%, an absolute change of 26%; left ventricular function assessment improved by 7% (81% to 88%); and increases of 4% (73% to 77%) and 33% (39% to 72%) were seen in the use of ACEIs for left ventricular systolic dysfunction and smoking-cessation counseling, respectively. Those hospitals with the poorest baseline performance showed the greatest degree of improvement. 5 In a Centers for Medicaid and Medicare Services Quality Improvement Organization program, determination of LVEF and discharge ACEI use were evaluated in up to 800 patients per state who were hospitalized with HF during the 1998-1999 to the 2000-2001 periods. The median state use of LVEF determination was 66% and increased to 70% (a 4% absolute improvement), whereas use of ACEIs for systolic HF at hospital discharge was 72% and decreased to 68% (a 4% absolute decrease). 7 OPTIMIZE-HF has extended the general findings of previous quality-of-care improvement programs specifically for patients hospitalized with HF. The use of an ACEI or an ARB at hospital discharge was 82.6% and did not change over time. Other performance initiatives have also had little effect on treatment rates for ACEIs or ARBs, and further studies are necessary to better understand persistent barriers to their use and to further improve use of these agents in eligible patients. Although prescription of ␤-blockers is not a current JCAHO or ACC/AHA inpatient performance measure for HF, there was a notable influence on the prescription rate for ␤-blockers at discharge, with an absolute increase of 10% (from 76.3%-86.4%) during the 2-year program (PϽ .001). The use of specific ␤-blockers that have been proved to reduce mortality in randomized clinical trials increased even more, by 12% (56.0%-68.3%; PϽ.001). The 86.4% treatment rate at discharge for ␤-blockers is quite remarkable, equaling or exceeding the treatment rates achieved in dedicated specialty programs for HF management or in highly select patients enrolled in randomized clinical trials. For comparison, the ␤-blocker treatment rate at the time of hospital discharge in ideal candidates in the Enhanced Feedback for Effective Cardiac Treatment study was only 42%. 21 A national initiative to improve the use of ␤-blockers in patients undergoing coronary artery bypass graft produced only a 3.7% absolute change in treatment rates during a 2-year period. 22 Similarly, the performance measures of complete discharge instructions and smoking-cessation counseling increased significantly during OPTIMIZE-HF (both PϽ.001). Use of PrCI tools increased from 35.6% to 54.1% by the end of the study. Use of PrCI tools was positively associated with an increase in the rate of adherence to all JCAHO HF performance measures (Figure 3) . Of particular note, use of PrCI tools was also independently associated with reduced in-hospital mortality.
Analyses of the OPTIMIZE-HF results may be influenced by several limitations. Registry data relied on selfreporting by hospitals as opposed to abstraction from medical records by independent operators and had no method for separate verification of complete case ascertainment. However, the overall results were compatible with those seen in the Cardiovascular Cooperative Project and the Medicare Quality Improvement Program, which previously used medical chart abstractions for data collection, 7, 8 and were identical to the processes now being used by JCAHO and the Centers for Medicaid and Medicare Services for hospital comparisons. 5 Given the overall large number of patients observed, some differences, although statistically significant, may not be clinically relevant. OPTIMIZE-HF was not a randomized clinical trial with a concurrent control group, and the improvements in performance measures may have been influenced by secular trends and concurrent factors other than participation in the study. However, OPTIMIZE-HF was associated with substantial improvements in therapies that were not part of any other concurrent local or regional performance-improvement initiative for HF, making ex-ternal influence less likely. Furthermore, those qualityof-care improvement initiatives that did use concurrent controls, such as the Cardiovascular Cooperative Project and ACC-sponsored Guidelines Applied in Practice, resulted in changes consistent with those found in OPTIMIZE-HF. Although it was shown that the use of PrCI tools was independently associated with improved quality of care, its exact role relative to OPTIMIZE-HF participation cannot be ascertained. We assessed the use of order sets and discharge checklists only and thus cannot determine the role, if any, of other tool kit components. Also, despite multivariable and propensity score adjustment, we cannot exclude that residual measured and unmeasured confounding account for these observations. The findings are consistent with those of the Guidelines Applied in Practice study, in which PrCI tools similar to those used in OPTIMIZE-HF (but for patients with acute myocardial infarction) were associated with significant increases in performance measures as well as reduced in-hospital and postdischarge mortality. 23 In conclusion, OPTIMIZE-HF is the largest national hospital-based program dedicated to quality-of-care improvement for patients hospitalized with HF in the United States. Hospitals participating in OPTIMIZE-HF demonstrated an increase in adherence to national guidelinerecommended therapies over time. There were trends for reduction in in-hospital mortality, postdischarge death, and the combination of postdischarge death and rehospitalization and a significant reduction in mean length of stay. The use of PrCI tools was positively associated with increased adherence to JCAHO core performance measures and improvements in in-hospital mortality rates. The results of OPTIMIZE-HF and other health careimprovement programs demonstrate that the quality of care provided to patients with cardiovascular disease can be enhanced by the use of patient data submission and performance feedback, concentrating on specific processes of care proven to improve outcomes.
